Electroless Au/Ni plating is intensively applied to high-density printed boards. In this process, local corrosion often occurs between the deposited nickel and the deposited gold. Generally, nickel tends to diffuse from the local corroded areas to the deposited gold surface after thermal treatment due to its strong affinity for oxygen. These areas cause surface mounting failures. Recently, electroless Au/Pd/Ni plating has been actively studied as a substitute for electroless Au/Ni plating because it suppresses the nickel corrosion reaction. In this study, we investigate the influence of the nickel microstructure and the thickness of the palladium and gold on wire bondability. The wire bonding strength is increased with increased palladium and gold film thickness. The deposited nickel microstructures also influence the wire bonding properties after thermal treatment. It was confirmed that good wire bonding properties can be achieved using a nickel film with a layered microstructure rather than a columnar microstructure. From the AES analysis, we confirm that preparation of a uniform layered microstructure of the nickel film is a key factor to keep the gold concentration on the gold film surface after thermal treatment.
Introduction
Gold has excellent electrical properties and chemical stability. Therefore, gold plating is used for the final surface finishing of various electronic parts. Recently, electroless Au/Ni plating process has been applied to the copper patterns on high-density printed boards. In this plating process, local nickel corrosion occurs between the deposited nickel and gold films. Nickel tends to diffuse into the deposited gold surface at the locally corroded area after thermal loading such as occurs during soldering. [1] [2] [3] [4] [5] These diffused areas often cause surface mounting failures. Therefore, the gold film thickness has to be increased since the diffusion of nickel occurs more easily with decreasing gold film thickness. However, for the purpose of reducing costs, gold films in electronics devices should be thin. To overcome these issues, we investigated electroless Au/Pd/Ni plating as a substitute for electroless Au/Ni plating. [6] [7] [8] [9] We focused on the relationship between wire bondability and the Pd/Au film thickness, and on the influence of the deposited nickel film conditions (ex. Nickel deposition structure, phosphorus content) on wire bondability.
Immersion potential was measured to study the depositing electroless palladium and immersion gold depositing behaviour.
Experimental Details

Preparation of substrate for wire bonding
In this study, PCB bonding pads and solder ball pads are used to evaluate the wire bonding properties. The electroless Au/Pd/Ni plating process is shown in Table 1 .
After preparation of the substrate using a conventional pretreatment, a 5 μ m-thick electroless nickel film was deposited on the Cu, followed by the deposition of electroless palladium and gold films, each 0.05 to 0.2 μ m thick. The basic compositions and operating conditions of the electroless nickel, electroless palladium, and electroless gold plating baths are shown in Table 2 . In this study, immersion-type and auto-catalytic-type baths are used for the electroless gold plating. The rinsing treatment was performed by using ion-exchanged water between each process.
Characteristics of deposited nickel film
The electroless nickel film microstructure affects the subsequent deposition film morphologies and wire bondability. Therefore, electroless nickel with various microstructures was plated on the copper patterns in this study. We selected the complexing agents to control the nickel film microstructure. Nickel films with various phosphorus contents were also prepared by changing the concentration of sodium hypophosphite. As shown in Fig.   1 , the deposited nickel films display a columnar structure (Table. 2-6, Au : 0.05 to 0.1 μ m)
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Evaluation of wire-bonding properties
The wire-bonding strength and wire failure mode were 
Analysis of electroless plated Au/Pd/Ni films
The surface morphology and surface roughness of thermal diffusion occurred between the gold and palladium. Therefore, we examined the ratio of gold and palladium on the plated gold surface after thermal treatment.
As shown in Fig. 8 , for the columnar nickel microstructure, the ratio of gold and palladium on gold film surface was about 45% to 55%. On the other hand, for the layered nickel microstructure, the gold and palladium ratio was about 50%
to 50%. The ratio of gold was increased by 5% for the electroless nickel film with a layered microstructure. From these results, we speculated that the thermal diffusion is influenced by the morphology, the roughness, and the surface hardness of the electroless Au/Pd/Ni plating film.
Therefore, we observed the surface morphology of the electroless Au/Pd/Ni film after thermal treatment. AFM images are show in Fig. 9 . Surface morphologies differed on various samples because these morphologies originated from the deposited electroless nickel film surface.
However, significant differences in roughness were not seen on all samples. Subsequently, we investigated the sur- For the above-mentioned reason, we conclude that diffusion between the gold and palladium on the columnar nickel microstructure proceeded more aggressively after thermal treatment than that on the layered nickel microstructure. 
Conclusion
The following findings resulted from our investigation of electroless Au/Pd/Ni plating process for wire bondability.
(1) Excellent wire bondability was obtained when the thicknesses of the palladium and gold films are both over 0.1 μ m.
(2) Wire bondability was degraded with decreasing thickness of the gold and palladium films due to the thermal diffusion between gold and palladium. (4) We confirmed that the preparation of a nickel film with a uniform layered microstructure is a key factor in maintaining the gold concentration on the gold film surface after thermal treatment.
